The self-propelled, longstanding rotation of the polymer tubing containing camphor continuing for dozens of hours is reported. The rotator is driven by the solutocapillary Marangoni flows owing to the dissolution of camphor. The phenomenological model of self-propulsion is suggested and verified. Scaling laws describing the quasi-stationary self-propulsion are proposed and tested experimentally. The change in the surface tension, arising from the dissolution of camphor and driving the rotator is estimated as 0.3 mN/m.
Autonomous displacement of nano-, micro-and macroscopic objects, containing their own means of motion, called also self-locomotion (or self-propulsion) and driven mainly by interfacial phenomena, attracted considerable attention from investigators. [1] [2] [3] [4] [5] [6] Various mechanisms of self-propulsion have been introduced and investigated, which exploited phoretic effects 7 , gradient surfaces, breaking the wetting symmetry of a droplet on a surface [8] [9] [10] [11] , the Leidenfrost effect [12] [13] [14] [15] [16] [17] [18] , the self-generated hydrodynamic and chemical fields, originating from the geometrical confinements [19] [20] , and soluto-and thermo-capillary Marangoni flows. [21] [22] [23] [24] [25] [26] [27] Within self-propelling systems, micro-rotators are distinguished, which are of a special interest due to the hydrodynamic coupling effects inherent to these systems [28] [29] [30] [31] [32] . Our paper is devoted to theoretical and experimental investigations of the self-propelled rotator driven by the camphor engine. Dissolution of camphor in water gives rise to the Marangoni solutocapillary flow resulting in the self-propulsion of so-called camphor boats, which were subject to the intensive research recently [33] [34] [35] [36] .
Polyvinyl chloride (PVC) tubing was used for the manufacturing of the rotator as shown in Fig. 1 . The diameter of the tubing was 2R = 2.5 mm, the thickness was 0.8 mm, the length 2L was varied in the range from 5.5 to 61 mm (7 samples, see Fig   4) ; the mass of the PVC tubing tub m was varied from 0.03 to 0.4 g. Camphor (96%), supplied by Sigma-Aldrich, was placed at the ends of the PVC tubing, as shown in The motion of the boat was recorded by CASIO Digital Camera EX-FH20.
After capturing the video, the movie was split into separate frames by VirtualDub software. The video frames were treated by the specially developed homemade software, which allowed calculation of the speed of the rotator.
When PVC tubing containing a "camphor engine" was placed onto the water surface, it started to rotate, as depicted in 
This moment is balanced by the moment of viscous force within the stationary timespan. The viscous stress visc  may be roughly estimated as follows:
where v is the velocity of the point located on the rotator at the distance x from its center, η is the viscosity of water, R=1.25 mm is the external radius of the tubing.
Hence, the moment of the viscous forces acting on the rotator is calculated with Eq.
(3): Now we address the time scale of stabilization of the rotation, which is on the order of magnitude of a couple of seconds (see Fig. 3 ). It is reasonable to relate the origin of this time scale to the viscous dissipation, the characteristic time of which may be estimated as: The mechanism of rotation, arising from Marangoni solutocapillary flows, is similar to that governing the motion of "camphor boats". [33] [34] [35] [36] [37] [38] [39] The surface tension jump, owing to the dissolution of camphor ( mN/m 3 . 0   ) rotating the tube is in a satisfactory agreement with the data extracted from the analysis of the motion of camphor boats. 40 The reported self-propelled rotator demonstrates a potential as a micro-mixer 41 and micro-electrical-generator. 
